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Summary. When examining the statistics of multiple stars in the field, especially
coming from visual binary star point of view, several problems present themselves.
First, and most importantly, is distinguishing between physical multiples and op-
tical pairs. Establishing physicality is not a simple "binary” response as there are
degrees of certainty. We discuss some of the reasons for caring about non-physical
pairs, as well as the tools for establishing or more correctly identifying apparent
kinematic properties which hopefully result in dynamic solutions. The Washing-
ton Double Star Catalog, the Visual Orbit Catalog, and the US Naval Observa-
tory speckle program are used as examples in many of these cases. The magnum
opus for a global characterization of these systems is the Washington Multiplicity
Catalog (WMCY). Selected as a catalog and a method to "develop a simple, unam-
biguous, flexible, and computer friendly designation scheme for stellar companions
(including planets)” at a multi-commission meeting in Manchester (GA24). This
was re-affirmed at Special Session 3 in Sydney (GA25) by Commissions 5, 8, 26,
42, 45 and the Working Group on Interferometry when a sample (1/2 hour band)
WMC was produced. An all-sky WMC is in progress the binary sources utilized
in its construction and the implications resulting from it with regards to multiple
stars in the field are discussed. ' ’

1 It’s the WDS, not the WBS!

Double Stars are not necessarily Binary Starsi!

1.1 Who Cares about Doubles?

Since binaries are physical pairs and optical doubles are geometrical con-
structs, one may well ask: are doubles of any value, and if so, what? Distin-
guishing between these two has primarily been more a problem for imaging
techniques than for other methods. For the WDS we keep track of doubles
as well as binaries for several reasons:

1While this talk will periodically focus on binaries rather than physical multi-
ples, the same principles apply.
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— We don't know which doubles are binary. Characterizing a pair as a binary
requires some sort of Keplerian arc to be distinguished or some other pa-
rameter such as the system binding energy to be known. Until physicality
is established many doubles are simply unknown possible pairs.

— We don't want to keep “discovering” new pairs. Once a pair is established
as optical, retaining it in the databases but flagged it as optical can save
resources spent chasing down possible binaries.

— The psf of imaging as well as spectroscopy and photometry are affected
by unresclved pairs and the scattered light of wider pairs. For example,
many doubles detected by Tycho were anomalous grid-step ghost doubles
caused by scattered light from nearby bright stars.

— Differential proper motions from the WDS are often more accurate than
those derived through more classical proper motion techniques [11]. This
is due to the often much longer observational baseline, although the v N
improvement due to frequent observations is also a factor.

— Well characterized linear motion systems may be better scale calibrators
than even definitive orbits.

Growth of the WDS
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Fig. 1. Over the past twenty years the WDS has grown substantially: a 37% increase
in numbers of systerms (open circles} and an 85% increase in numbers of measures
(filled circles). The first edition (1984) included 5.22 mean positions per pair. This
number has improved with each subsequent edition {(1996: 5.78 means/pair, 2001:
6.67 means/pair) to the current value of 7.11 mean positions per pair.
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Number of Means per System in the WDS (2005.5); N = 100,578
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Fig. 2. The number of means per system, compared with the 1996 edition of
the WDS. Despite the large number of new systems added to the catalog from
Hipparces, Tycho, etc. over the past 9 years, all bins except for the first have
increased, as more systems have received follow-up observations.

1.2 Growth of the WDS
1.3 How do we Find Physical Binaries and Multiples?

There are a variety of methods for distinguishing between optical dou-
bles/multiples and physical binaries/multiples. “Separating the wheat from
the chaff” requires some sort of parameter that characterizes a pair of stars
as either gravitationally bound or chance alignment. These include:

— orbits (or some portion of a Keplerian arc),

— common proper motion (although pairs may be physically related, this
relationship could be tenuous),

— common parallax (i.e., at the same approximate distance), and

— proximity (in other words, just close to each other in an angular sense).

b

Orbits

Absolutely, positively, without a doubt binaries (most of the time).

In addition to establishing physicality there are many compelling reasons
for observing binaries to measure orbital motion — mass being the most
obvious. ' '
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2.1 Combined Solution Orbits

The “best case” orbits are those which have gone through numerous revolu-
tions. Sometimes, however, a small magnitude difference may result in two
possible solutions (with periods ~P and 2P). Other parameters can often
help determine which selution is correct.

[, WDS 09123+1500 FIN 347Aa

F0.1

0.0

% N

0.1 0.0 0.1

Fig. 3. Astrometric orbit plot of FIN 347 (= 81 Cancri), data 1959-2001, P =
2.7yrs., 14 rev. Scales are in arcseconds, and the large shaded region represents the
resolution limit of a 4-m telescope. Filled and open circles indicate measures by
speckle and eyepiece interferometry, respectively. See [13] for relative astrometry
which uses the spectroscopic orbit from [5].

2.2 Preliminary Orbits

There are a variety of reasons, some scientific and others more sociological,
why visual binary orbits are often calculated when orbital coverage is still
marginal. The long orbital period relative to the scientist’s career is a factor,
but usually there is a compelling reason why the orbit should be calculated.
Even with scant coverage, the astrophysically important derived parameter

3log(a) — 2log(P)

is often not grossly erroneous. Also, physicality is often ascertained from some
other parameter, such as common parallax or proper motion, which would
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seem to indicate that any apparent motion may be more than “two ships
passing in the night.” ’

Regardless, many binaries have solutions which can be generously called
“preliminary” and might more accurately be called “indeterminate” (or
“nearly worthless”). The criteria for characterizing visual binary orbits are
clearly spelled out in the Sizth Catalog of Orbits of Visual Binary Stars [7].
Figure 4 gives an example of a less well determined orbit.

WDS 06410+0954 CHR 168Aa
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Fig. 4. Preliminary orbit of 15 Mon, from data taken with the CHARA and USNO

speckle cameras, the Navy Prototype Optical Interferometer, and HST. The NPOI

measure is a filled circle. Speckle measures are open circles (CHARA) or stars

{(USNO). HST-FGS measures are indicated by the letter H. The dot-dash line is

the line of nodes, and the dotted ellipse is the orbit of [4]. The large shaded region

represents the resolution limit of a 4-m telescope. HST measures were of noticeably

lower quality in 1996-97 when FGS3 was in use. All later HST data were taken with .
FGSir.

3 Common Proper Motion
Are they binaries or are they simply members of the same moving group?

3.1 Proper Motion Doubles

The first known major survey for common proper motion (CPM) pairs was
that of S.W. Burnham. He found 360 BUP pairs, which at present have an
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average of 4.14 measures/system. Since his work in the early part of the 20%*
Century, 15 of them (4%) have been determined to have linear solutions and
thus are likely non-physical doubles.

Around the middle of the last century H. Giclas and collaborators at the
Lowell Observatory began an examination for additional CPM pairs. They
found 197 GIC pairs {currently with 2.48 measures/system), all of which are
apparently physical.

The greatest contribution, by far, was that of W.J. Luyten. Over the
course of nearly 50 years he found 6,170 LDS pairs whose proper motion indi-
cated they were related. Only two presently have linear solutions, which could
be due either to better proper motions available to Luyten or {more likely)
to the small number of observations to date {only 1.67 measures/system).
This low observation rate is due to the faintness of targets and the difficulty
in finding them. Due to the tireless work of Richard Jaworski [9], about 2 of
the LDS pairs now have modern 0”1 positions and the number of measures
per system will increase once these coordinates have been matched against
other deep astrometric catalogs.

Recent work has been done by John Greaves using UCAC2 to look for
CPM pairs. He has found 1143 GRYV pairs thus far, but there is as yet only 1
meas/sys, limited to a portion of the Northern hemisphere. Before additional
searches of this type are carried out it may be more appropriate to wait for
the'alll—é*,ky‘ UCAC3, which will come out in 2006. Totalling about 60 million
stars, UCAC3 will include final block adjustments and solutions for tens of
thousands of doubles too close for earlier reduction. The expected precision
of the proper motions will be primarily a function of magnitude: 2 mas/yr to
13** mag and 4-6 mas/yr for those fainter.

Future proper motion work may include re-analysis of AGK2 data, now
in process at USNQO, which will supersede the AC data and give 1 mas/yr
proper motion to 13t mag for stars north of 2°5.

4 Common Parallax

True Nearest Neighbors
Components of pairs with different parallaxes in the Hipparcos Catalogue
were examined to see if they were actually close to each other. These included
separate parallax values for Component (C) solution doubles in Vol. 10 of the
Hipparcos Catalogue as well as the double entry systems. This work, done
by USNO Summer Student Will Levine, defined pairs as physical if

3
|wra —wB| < Z(O"JTA + omp)
and optical if

w4 —Tg| > omwa +oTB.
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Following these criteria, 11,564 pairs were determined to be physical, with
234 optical and 6,998 indeterminate. Referring back to §2, four pairs with
orbits of the lowest grade (5) have statistically different parallaxes and are
probably optical.

5 Proximity

Binaries or physical multiples identified by compelling closeness.

The closer one “looks” for companions the less likely is the chance of
random alignment. High-resolution techniques typically observe pairs with
separations under an arcsecond, with some techniques reaching the sub-
milliarcsecond level. The fact that these techniques, especially dilute aperture
interferometry, are limited to the brightest (and preferentially closest) stars, .
decreases the odds of chance alignment even further. An example is HIP
40001, which was observed with the USNO speckle camera on the KPNO
4m telescope in January 2001, at a separation of 270 mas. At this separa-
tion and relatively small magnitude difference the chance of random optical
co-alignment is small, but non-zero. While it can be argued statistically, the
true physicality of the system can only be established through follow-up ob-
servations.

This sort of statistical culling of the BDS [2] was done by Aitken [1]
during construction of the ADS catalog in the early 1930’s. To avoid some
of the problems described in §1.1 above, most of Aitken’s rejected pairs were
added back in by the time the IDS [10] was released. Retaining all pairs,
but indicating physical or optical nature when possible, is the current modus
operandi of the WDS [14]. '

5.1 Determining Physicality: Iota Ori

Arguments related to the physicality of close doubles are often made based
on star counts and proximity. Since the true number of doubles is not known,
these numbers, often based on observations by techniques with limited angu-
lar resolution, can undercount the true number of stars of a given magnitude.
An example is ¢ Ori (= CHR 250Aa,; see Figure 6). N-body simulations of the
¢ Ori / 41 Col / AE Aur dynamical interaction [6] suggest that the speckle
pair is extremely unlikely to be physical, despite the close angular separation.

6 The Washington Multiplicity Catalog (WMC)

an IAU sanctioned method for finding binaries and physical multiples from
the vast number of catalogs that contain doubles :
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Fig. 5. HIP 40001 and its companion tar.

6.1 Roots of the WMC

Historically, double stars have been categorized by the method of detection:
photometric, spectroscopic, or visual. This also generally corresponded to
their periods, from shortest to longest, respectively. While this categoriza-
tion did not always apply, the regions where these methods could overlap
corresponded to a relatively few systems. However, because of the synergy of
the techniques, these systems were often the most astrophysically important.

Bach of the many techniques for investigating components to stars in-
dependently developed its own nomenclature scheme. While the separa-
tion/period regimes accessible to these different techniques remained mostly
separate, the inconsistencies in these nomenclature schemes were of little
consequence. However, with modern cross-correlation techniques detecting
smaller AV systems with longer period and optical interferometry (first filled
and later delute aperture) resolving shorter period systems, the historically
disparate techniques are now seeing increasing overlap, with a commensurate
increase in possibilities for component confusion.

The idea behind the Washington Multiplicity Catalog (WMC) was dis-
cussed in 1997 at the Manchester IAU-GA, as a means of addressing this
nomenclature confusion. As many of these are multiple systems, there was
also a desire for a flexible system which could retain hierarchical information.

Starting with the WDS nomenclature scheme, the WMC component des-
ignation was expanded through a series of lower case letters and numbers to
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WDS 05354-0655 CHR 250Aa
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Fig. 6. At left is the double star CHR. 250, with small filled circles indicating the
1994 and 1996 speckle measures reported in [12]. Scales are in arcseconds, and
the large shaded circle represents the 07054 resolution limit of the 100-inch tele-
scope. The four small error boxes indicate the predicted location of the secondary in
2006.0, 2007.0, 2008.0, and 2009.0, assuming the motion is linear and both speckle
measures are characterized by errors of A = 0°5, %‘9 = (.5%. Finding the com-
panion within a box appropriate to the observation date would be a strong indica-
tion that the relative motion of the pair is linear (i.e., non-Keplérian) as has been
suggested [6)]. '

take into account multiple hierarchies. At the Sydney GA in 2000 a sample

WMC (% hour of the sky) was presented which gave examples of the methods
for addressing various nomenclature problems.

6.2 Applying WDS rules to the WMC

The WDS is a complete listing of all resolved systems (i.e., visual and inter-
ferometric doubles). There are an abundance of components to stars which
are detected but not resolved (and are thus not in the WDS), however. These
include:

1. spectroscopic doubles (single- or double-lined),

2. photometric or eclipsing binaries,

3. astrometric doubles (While not included in the WDS, several astrometric
systems in the Orbit Catalog are given component designations as if they
are resolved subcomponents, thus “reserving” these designations for their
eventual resolution),
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4. lunar occultation doubles,
5. contact systems and other doubles, and
6. planets.

6.3 Rules of Component Designation

The WDS at present extends nomenclature to second level hierarchies.
The WMC will extend this nomenclature to cover more complex systems,
however. Capital letter are used to indicate top level hierarchies (e.g.,
012345.6+112233 AB). Second- and third-level hierarchies are denoted by
lower case letters (e.g., Aa,Ab} and numbers (e.g., Bal,Ba2), respectively. Al-
ternating lower case letters and numbers will be used to indicate progressively
higher levels.. The coordinates used for the WMC are J2000, truncated to
051 and 1" precision in RA and DEC, respectively.

6.4 Sources of Muliiplicity

Since the majority of known doubles are visual pairs; the catalogs maintained

_ ak the USNO make an excellent starting point for the WMC. The following
" sources have been consulted:

Es
— USNO'*Double Star Catalogs: WDS [14], ORB6 [7], INT4 (8], DM2 [17]
— A Catalog and Atles of Cataclysmic Variables: On-line Version,? [3]
~  Ninth Catalogue of Spectroscopic Binary Orbits,® [15)
— Catalog of Orbital elements, Masses and Luminosities of close double
stars, [16]
— California & Carnegie Planet Search website* and their links

6.5 Coordinate Matching

System matches are based on the stars arcsecond precise coordinates. The
most time-consuming aspect of the WMC construction (by far!) has been the
improvement of the WDS arcminute coordinates, which has been completed
for more than 95% of these systems. Improvement of the remaining systems
is on-going, although it will not be possible for some subset of these systemsS.

*nttp://icarus.stsci. edu/“dovnes/cvcat/

*http://sb9.astro.ulb.ac.be/

‘http://exoplanets.org/

%You try to find a 15% (42) magnitude pair with arcminute-precision coordi-
nates and unknown proper motion seen only once in the mid-19'* century! Other
pairs are lost due to errors at the telescope or typographical errors in the original
publications, while still others are misdentifications of photographic plate flaws, etc.
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6.6 Multiplicity Statistics

Combining the WDS and other catalogs, then making a first pass at merging
duplicate information (e.g., SB and EB pairs with two entries) yields 115,904
pairs. “Physicality” codes are assigned, as follows:

Code Characterization Source
P “definitely” physical systems with orbits, (incl. Hipparcos O
systems),

exoplanets, cataclysmic pairs
p “probably” physical astrometric/interferometric/ occulta-

tion pairs,
Hipparcos G systems, proximity (see
text)

O “definitely” optical linear solution pairs

o “probably” optical proximity (see text)

C  “definitely” cpm LDS, BUP, GIC, LPM, GRYV pairs

¢ “probably” cpm similar proper motions, published com-
ments, ete.

? binarity uncertain  Hipparcos suspected non-singular,
(X,3,V) '

X probably not real plate flaws, misidentifications, etc

Other codes are assigned based on notes in the WDS and other catalogs.
The remaining systems were assigned p or o code based on ‘proxinli;y:

log{p) =28-02xV

with a minimum value of 2”.

6.7 Grouping Pairs

Cluster members are flagged based on designations or proximity to known
cluster members. The following pairs were removed:

— X and ? pairs: N=7,251

— Optical pairs: N=38,116

—  Cluster members: N=>543 (to get statistics for field stars)
—  CPM pairs: N=7,811

The remaining pairs were checked for other entries within 3 arcmin in &
and a cos(d) to differentiate simple binaries from multiples, then component
designations are assigned for members of multiples.
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6.8 Results

Simple binaries: N=57,562
Multiple systems: N=1,901 (N=4,293 pairs)

Number of Hierarchy Hierarchy Hierarchy

Components TLevell Level2 Level 3
3 471 1101 0
4 44 134 56
5 9 29 19
>5 6 18 14

6.9 Resuits (Including CPM Pairs)

Simple binaries: N=62,005
Multiple systems: N=2,257 (N=>5,069 pairs)

Number of Hierarchy Hierarchy Hierarchy

Components Level 1 Level 2 Level 3
3 650 1230 0
4 60 146 63
) 5 13 35 20
7 . >b 7 19 14
References
1. R.G. Aitken: New General Catelogue of Double Stars within 121 degrees of the

North Pole, (Carnegie Institution of Washington 1932)

2. S.W. Burnham: General Catalogue of Double Stars within 121 degrees of the
North Pole, {Carnegie Institution of Washington 1906)

3. R.A. Downes, R.F. Webbink, M.M. Shara, I. Ritter, U. Kolb, & H.W. Duer-
beck: PASP 113, 764 (2001)

4. D.R. Gies, B.D, Mason, W.G. Bagnuolo, Jr., M.E. Hahula, W.I. Hartkopf,
H.A. McAlister, M.L. Thaller, W.P. McKibben, & L.R. Penny: ApJL 475, 49
(1997)

5. R. Griffin & R. Griffin: Observatory 102, 217 (1982)

6. A. Gualandris, S. Portegies Zwart, & P.P. Eggleton: MNRAS 350, 615 (2004)

7. W.I. Hartkopf, B.D. Mason, & C.E. Worley: AJ 122, 3472 (2001); see also
http://ad.usnc.navy.mil/wds/orb6.html

8. W.I. Hartkopf, H.A. McAlister, & B.D. Mason: AJ 122, 3480 {2001); see also
http://ad.usno.navy.mil/wds/int4.html

9. R. Jaworski: Webb Soc., Double Star Circ. 13, 74 (2005)

10. H.M. Jeffers & W.H. van den Bos: Index Catalogue of Visual Double Stars,
1961.0, {Pub. of the Lick Observatory, vol. 21, 1963}
11. G.H. Kaplan & S.C. Snell: BAAS 33, 1493 (2001)




12,

13.
14.

15.
16.

17.

Multiple Stars in the Field 153

B.D. Mason, D.R. Gies, W.I. Hartkopf, W.G.Bagnuolo, Jr., T.A. ten Brum-
melaar, & H.A. McAlister: AJ 115, 821 (1998)

B.D. Mason, H.A. McAlister, & W.I. Hartkopf: AJ 112, 276 (1996)

B.D. Mason, GG.L. Wycoff, W.I. Hartkopf, G.G. Douglass, & C.E. Worley: AJ
122, 3466 (2001); see also http://ad.usno.navy.mil/wds/wds.html

D. Pourbaix, A.A. Tokovinin, A.H. Batten, F.C. Fekel, W.I. Hartkopf,
H. Levato, N.I. Morrell, G. Torres, & 5. Udry: A&A 424, 727 (2004)

M.A. Svechnikov, & L. A. Bessonova: Bull, d’Inf. Cent. Donnees Stellaires, #26,
99 (1984)

C.E. Worley, B.D. Mason, & G.L. Wycofl: AJ 122, 3482 (2001); see also
http://ad.usno.navy.mil/wds/de2. html




S. Hubrig M. Petr-Gotzens A. Tokovinin (Eds.)

Multiple Stars Across
the H-R Diagram

Proceedings of the ESO Workshop
held in Garching, Germany,
12-15 July 2005

‘ @ Springer




ok I
O .
o 2
{f‘; —
s
e O
Volume Editors RN @
Swetlana Hubrig Andrei Tokovinin
European Southern Observatory Inter-American Observatory
3107 Alonso de Cordova Cerro Tololo (CTIO }
Santiago, Vitacura La Serena

Chile Chile

Monika Petr-Gotzens

European Southern Observatory
Karl-Schwarschild-Str, 2

85748 Garching

Germany

Series Editor

Bruno Leibundgut

European Southern Observatory
Karl-Schwarzschild-Sir. 2
85748 Garching

Germany

Library of Congress Control Number: 2007936287

ISBN 978-3-540-74744-4 Springer Berlin Heidelberg New York

This work is subject to copyright. All rights are reserved, whether the whole or part of the material is
concerned, specifically the rights of translation, reprinting, reuse of illustrations, recitation, broadcasting,
reproduction on microfilm or in any other way, and storage in data banks. Duplication of this publication
or parts thereof is permitted only under the provisions of the German Copyright Law of September 9,
1965, in its current version, and permission for use must always be obtained from Springer. Violations are
liable for prosecution under the German Copyright Law.

Springer is a part of Springer Science+Business Media

springer.com

© Springer-Verlag Berlin Heidelberg 2008

The use of general descriptive names, registered names, trademarks, etc. in this publication does not imply,
even in the absence of a specific statement, that such names are exempt from the relevant protective laws
and regulations and therefore free for general use.

Cover design: WMXDesign, Heidelberg
Typesetting: by the authors
Production: Integra Software Services Pvi. Ltd., Puducherry, India

Printed on acid-free paper 55/3180/Integra 543210




Contents

Evolutionary Processes in Multiple Systems
P.P. Eggleton and L. Kisseleva-Eggleton ...... ... ... ... ... ...... 1

Dynamics and Stability of Triple Stars :
Seppo Mikkola . .. .. o e 11

Multiple Stars: Physics vs. Dynamics
R. Zhuchkov, V. Orlovand A. Rubinov ......... ... ... . 21

Gliese 225.2: An Old (Stable?) Quadruplet
V. Orlov, A. Tokovinin, O. Kiyaeva, M. Sterzik, A. Rubinov and
R. Zhuchkou. . ... s 31

Multiple Stars: Designation, Catalogues, Statistics
A Tokovinin .. ... . e et 37

Radial-velocity Studies of Certain Multiple Systems ‘ -
RF Griffim . o oo e e 43

Spectral Disentangling Applied to Triple Systems: RV Crt
H. Hensberge, L.P.R. Vaz, K.B.V. Torres and T. Armond............ 47

Evidence for Rapid Variability in the Multiple System 68 u

Her

K. Uytterhoeven, P. Koubsky, P. Harmanec, J.H. Telting, S. Yang,

M.T. Richards and I Ilyin . ... ... o0, 53

DG Leo: A Triple System with a Surprising Variety of

Physical Phenomena

P. Lampens, Y. Frémat, H. Hensberge, V. Tamazian, J.A. Docobo and

Y. Balega . . ..o i e 59

A Spectroscopic Study of HD 208905

Pavel Koubskyj, Simone Daflon, Petr Hadrave, Katia Cunho,

Jiri Kubdt, Dana Korédkovd, Petr Skoda, Miroslav Slechta,

Viktor Votruba, Verne V. Smith and Dimitri Bizyaev................ 67

The Suspected Binarity of the Nearby Flare Star Gl 424
V.5, Tamazian, J.A. Docobo and Y.Y. Balega .. .................... 71




VIII  Contents

The Ecology of Dense Star Clusters with Binaries

Simon F. Portegies Zwart . ... oot e 75
The Formation of Multiple Stars

Eduardo J. Delgado-Donate and Cathie J. Clarke ................... 87
Population of Dynamically Formed Triples in Dense Stellar
Systems

Natalia Tvanova. ... oo e e 101

Interferometric Studies of Multiple Stars
Christian A. Hummel. . ... ... .. i i ieeieianas 107

Interferometric Orbits of New Hipparcos Binaries
11. Balega, Y.Y. Balega, K.-H. Hofmann, E.V. Malogolovets,
D. Schertl, Z.U. Shkhagosheva and G. Weigelt ...................... 113

New Facts about § Velorum: Fewer but Larger Components
A. Kellerer, M.G. Petr-Gotzens, P. Kervella and V. Coudé du Foresto. 119

Speckle Interferometry of Two Low-mass Triple Systems

in the Solar Neighbourhood

E. V. Malogolovets, Y.Y. Balega, K.-H. Hofmann, D.A. Ruoslegaev and

G. Weigelt .. ..o e 125

Tertiary Companions to Close Spectroscopic Binaries
A. Tokovinin, S. Thomas, M. Sterzik and S. Udry .................. 129

Spectroscopic Subcomponents in Visual Double Stars:

The Most Probable Values of their Physical and Orbital
Parameters. Application to the System WDS 1440442159

José A. Docobo and Manuel Andrade . ............ .. ... .......... 137

Multiple Stars in the Field
Brian D. Mason and William I. Hartkopf ........ .. ... ... ... ... .. 141

Multiplicity of Chemically Peculiar Stars
Swetlana Hubrig, Nancy Ageorges and Markus Scholler .............. 155

Multiplicity of Contact Binary Stars
T. Pribulla and S. M. Rucinski . ... ... . i iiiiiininnns 163

Extrasolar Planets in Double and Multiple Stellar Systems
A. Eggenberger, S. Udry, M. Mayor, G. Chauvin, B. Markus,
J.-L. Beuzit, A.-M. Lagrenge, T. Mazeh, §. Zucker and D. Ségransan . 169

Homogeneous Comparison of Directly Detected Planet
Candidates: GQ Lup, 2M1207, AB Pic
Ralph NeuhGuser. .. ... .. e e 183




